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SUMMARY

The estimation of fatique damage from the strain range pair
data generated by the airborne component of the BAeA Aircraft Fatigue
Data Analysis System is described.\\
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1. INTRODUCTION

The Aircraft Fatigue Data Analysis System (AFDAS) is designed
to provide a reliable, concise and cost effective method of monitoring
the condition of up to eight fatigue critical locations on an operating
aircraft structure. It represents a significant advance on existing in- }
service fatigue monitoring systems because:

1., It uses a direct reasure of loading environment -
strain.

2. It uses a method of load cycle counting that has
been found to be closely related to the fatigue
process ~ the range pair method?~7.

3. Utilization of modern advances in microelectronics
has resulted in a small and reliable airborne
instrument.

4. The tabular form used for the storage of range
pair data allows a flexible and simple fatigue damage
calculation.

The four basic sub-systems of AFDAS are the:

1. Strain gauge transducers.

2, Strain nfange Pair Counter (SRPC).

3. 1Interrogator Display and Readout Unit (IDRU).

4. Fatigue Damage Corputer Program

and of these 1 to 3 are described in detail in Ref. 1. This description
will outline the fatigue damage estimation procedure i.e. sub~system 4.

2. THE STRAIN RANGE PAIR

When a test svecimen is stressed by a load varying sinusoi--
dally in time the fatigue life that results is essentially independent
of the cyclic frequency. Consequently the fact that only a sequence of
load turninag points is required to define a load environment is the €irst
important consideration in estimating the service life of a particular
structure.

Secondly, most fatigue test data used for life estimation
have been obtained by cycling test specimens under constant amplitude
loads and presenting the results as a plot of cycles to failure (N) against




alternatinc stress (S), (hence the term £-N data). Thus, to conform
with this approach of a fatigue life defined by cycles the turnina
points of a non-constant amplitude sequence must be paired into cycles
relevant to both the fatigue process and to the S-MN data available.

Many different cycle counting methods exist for this
purpose2 and of these the rainflow and range-pair (sometimes called
range-mean-—pair) methods have been recognised as being the most useful
from a theoretical point of view, primarily because both identify load
cycles in terms of the stable cyclic stress-strain behaviour of the
material concerned.?"7 (i.e. they pair turning points into cycles which
relate to closed stress-strain hysteresis loops). The major difference
between the two methocs is that the rainflow method counts in terms of
half cvcles whereas the range pair method will reduce a load history to
a set of complete load cycles. (When the rainflow method is constrained
to count in full cycles both methods produce identical results although
the range-pair method is inherently far simpler).

In the absence of end effectslO the rance pair may be
defined as that pair of turninc points which can be clearly identified
as a perturbation of a larger cycle. Referring to Fin. 1 the cycle
X3.X3 is clearly a perturbation of the larger cycle x,4,x; and thus forms
a range pair. In mathematical terms this definition can be expressed
so:

;ﬁilfl—xzi>=|x3-x2|<=h3~x4| then the cycle x,,x3 constitutes a range

By removing range pairs from the load sequence as they are
detected, closing the gap and repecating the test above, an entire
secuence of load turning points will be eventually reduced into a set
of range pairs as shown in Fig. 2.

However, because the range pair method does not spuriously
ignore the presence of any turning noint in the load hristory processed,
the number of range pairs generated from long load sequences, (in flight,
load sequences may be of an unknown and unlimited length) can be large
and an efficient means of recording this data is necessary. The range
pair table not only fulfils this need but also presents range nair data
in a format that is convenient for faticue life calculations. The strain
range-pair table is simply a half array of cycle counts produced by
grouping the range pairs obtained from a load sequence into a nurmber of
cells depending on the values of their troughs and peaks.

If the load experienced by a particular structural item is
known to lie always between the values Lyjin and Lpyayx then dividing this
load range into N, levels of (Lypax~Lygpn)/Np in.size provides a simple
method of grouping ranae pairs. Consider Fiqg. 3 where the range pair of
load x3 to x, is shown. Because its trouah lies in level 1 and its peak
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in level 1l+p it can be termed a range pair of level 1 to level 1l+p.
Consecuently the cell in the range pair table of Fig. 4 which corres-
ponds to these level values would record a cycle count of 1. 2ll the
rande pairs in the load history whose trough and peak were likewise
in levels 1 and l+p respectively *rould thus be represented in the
range pair table by a correspondingly large count in the same cell.
Similarly, all the other range pairs of the load history processed
would be grouped into their respective cells to complete the range
pair table. References 2 and 9 detail the characteristics of the range
pair table and some of its many uses in fatigue related areas. The
SRPC of AFDAS uses z 16 level division of load range as the basis of
its strain range pair grouping procedure. However, hecause jitter
{induced electronicallv or by low levels of aircraft vibration etc.)
within or about level boundaries would produce a large number of counts
not related to the actual load history the correspondina range pairs
of level 1 to level 1 and level 1 to level 1+l are ignored i.e. the
two leading diagonals of itz strain rance pair table are discarded.
One characteristics of the range pair table is that diagonals down
left to right as in Fig. 5 represent range pairs with the same alter-
nating load. Thus it can be seen that the two leading diagonals
represent those range pairs with the smallest alternating loads and
consequently those with the least contribution to the fatigque damage
of the monitored structure. Fig. 5 illustrates the strain range pair
table produced hy the SRPC of AFDAS.

3. FATIGUE DAMAGE ESTIMATION

The problem of predicting the service life of aircraft
structures under fatigue loading with a high degree of accuracy has
existed for some time. Since the linear cumulative damage rule became
vwidely known thirty years ago8 its deficiencies have inspired many
modifications and alternative theories though it is still the most
generally used.

The hypothesis that a load cycle in a variable amplitude
loading secuence will cause the same damage to a structure as that due
to a cycle in a constant amplitude load sequence of the same load
level, forms the basis of the linear damage rule, e.g. if it has been
determined experimentally that a test specimen relevant to the structural
element under consideration lasts N cycles when subjected to a constant
amplitude load sequence of a certain mean and alternating load value,
then one cycle of the same mean and alternating load that occurs in the
operating environment of the part can be said to cause 1/N of the damage
necessary to cause its failure. Thus when the results of many such
constant amplitude tests are available (usually presented in the form of
S-N curves as previously mentioned, e.g. Fig. 6) the damage contribution
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of every range pair cycle can be determined and summed to aive the total
damage sustained by the structure. This linear cumulative procedure is
usually expressed as:

D = Z(nj/N;i) “There D = total damage value
{failure occuring

when D = 1, or 106 Hg
when measured in microfails¥)
ni = number of cvcles at a
particular load range Mj = Sj
Ni = average number of cycles to
cause failure at the i-th load
ranqge.

When the cycle information stored in the range pair table
is to be used in a fatigue calculation of this sort the mean and alter-
nating load equivalents of each cell in the table must be determined.
From Fig. 7 it can be seen that the n range pairs in the cell of level
1 to level l+p can be interpreted load-wise as n rance pairs of load
Lpjnt{1-.5)Lgz to load Lpjnt(1+p-.5)Lgz. (The inherent assumption that
the range pairs are distributed within the given levels such that their
mean load value can be taken to be the mean load value of the level has
been found to be a reasonable approximation provided the number of
levels used for the table is not too small®). Hence the mean and alter-
nating load values of the counts in the given cell can then be
determined from these trough and peak load values (called I and Ij
respectively) as (L4+L3i)/2 and (Lj-Li)/2 to permit the determination of
N. The damage increment attributable to the given cell of the range
pair table is as before simply n/N. The same procedure is used to deter-
mine the damage value of every cell in the strain range pair table and
subsequently, by summation, the total damage estimate for the load
sequence it represents.

In the program listed in the Appendix if a range of tabula-
ted S-N data is exceededthen linear extrapolation is resorted to.
Unless the range of tabulation exceeds that of the range-pair table or
the data is carefully close this can cause inconveniences.

* Since the damage values calculated for each flight load sequences
are usually very small fractions of one, it is convenient to multiply
them by 106 to obtain more manageable numbers, termed microfails.




As has alreadv been mentioned rance pair table diagonals
down left to right represent sets of range pairs with the same alter-
nating load. Thus by plottina the damage value summed for each
diagonal, against its alternating load a damage density histogram can
be obtained which will define the areas in the load environment causing
the most fatigue damage.

Since the measurement of load used by the SRPC is strain,
and S-N data is usually presented in the form of stress versus fatigue
life, Young's Modulus (E) for the material of the structural element
being monitored is also required. Thus in summary Imin., Is, F and the
appropriate S-N data for each of the eight channels beina monitored
are required to process the output f{rom the SRPC. TFic. 8 illustrates
the procedure described above for the estimation of fatigue damage
from the strain range pair data of the SRPC using a linear cumulative
law.

A Fortran IV computer program used tc nrocess *the strain
range pair data from the SRPC is described in the appendix to demons
trate one implementation of the simple damage estimation method
discussed.

4. CONCLUSTON

A procedure for predicting the service life of aircraft
structures from strain range pair data obtained by the Strain Rance
Pair Counter (SRPC) of the Aircraft "fatigue Data Analysis System (AFDAS)
has been described.

Based on a linear cumulative damage law the simple elegance
of the method (due in part to the tabular nature of SRPC data) allows
for a flexible immlementation as a computer program.

Due to the small amount of range pair data and subsequent
processinc involved, the logistic benefits of using AFDAS for faticue
life monitoring purposes, must be considered substantial.
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Load sequence Critical stress-strain sequence

X, Le

9 /

Range pairs 2, 1
6,7
12,13

Range pairs 4,5
10, 11

3 ‘ Range pairs 8, 3
1 . 14,9

’ FIG. 2: EXTRACTION OF RANGE PAIRS FROM A LOAD SEQUENCE
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Index of peak loads
[
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The strain range pair counter truncates the table that would be obtained
using a 16-level load range by removing the two leading diagonals to
produce the 14-level format outlined above

FIG. 5: THE STRAIN RANGE PAIR TABLE PRODUCED BY AFDAS




Vivd N-S 1W0iaAl 9 D4

g0t g0 ainjiey 03 S8J0AD 20l O
T | T 0 w
~ oot |
: ’ 00€
osl
7 0 0
- 0oL

J (edW) —100

v SS81)S UBS|N -1
5
2
=
«Q
a
&
2
v
z

|-
S¥ =M edWO000L = SLN
sBnj dn-yoid
Buim 10} sanINd NS
ov9v Ivs




Load range ;
™ é
Level wise Load wise
\ n Range pairs (LA+p) A+p A ——]— Ly Lma,,“(l'P"/z s,
. K4
J 14 n ——— )
P X\ n Range pairsiLy,Ly)
2 Lo (-0,

H e

: Ls2

Lmin

wlojwlie - -
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When the data of the 14-level
half array format of AFDAS
is stored as a vector with the
cells numbered as shown, K
is calculated by
K=(J-3)(J—2)/2+I

770

2D

12345

1213 %

FIG. 10: VECTOR MANIPULATION OF RANGE PAIR DATA
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APPENDIX

A computer program which implements the damage estimation
procedure described earlier is documented in the following pages to
allow this memo to serve as a user's manual and alsc as a reference
for any program modifications desired. The program designated
RPDAM (Range Pair Damage Analysis Method) is written in FORTPAN IV
for the Fl0 or F40 compiler of the Digital Equipment Corporation
DEC 10 computer system. It is considered however that the ideas,
techniques and in most cases the particular sections of code involved
are simple enough to be readily adapted for use on other computer
systems.

1. GENERAL PROGRAM DLSCRIPTION

FPNAM is a comparatively small program segmented into three
Modules whose functions are respectively data input, general program
management, the handling of S-I' information and data output. It is
designed to be run interactively from a computer terminal on a time
sharing system and provides the user with the option of processing
one or all of the strain channels monitored by the SRPC. Tig. 9
sumarizes the program structure.

Program listings and sample runs are included at the end of
this appendix and it is intended that they be consulted while reading
the stepwise description of each program module that follows.

MODULE 1 (Input Data Proqram labelled DATAIM.F4)

1. The load data for each strain channel is read from a data
file (CHDATA.IN) as a set of vectors called ClyryClgzE (representing
respectively IMIN,LsZ.E as before). The flags NSC and ISNF also read
from the file identify respectivelv whether the relevant channel is
used for monitoring strain and if so the set of S-N data to be used
in the damage analysis of its strain range pair data.

2. Existing damage data for each strain channel is read from a
data file. (This data file is the previous output file from RPDAM
appropriately renamed DAMOLD.IN). This is required to determine the
damage increment that has occured since range pair data for each
channel was last processed and also to enable the updated damage file
to be written in the event that not all the strain channels are
processed. Thus the old damage value DAMOLD, the date of the SRPC data
from which it was calculated, OLDTE, and the damage increment DAMINC
since the date INGDTE are read into vectors for this purnose. The
damage density data for all strain channels is similarly read from
DAMOLD. (Since there are 14 alternating stress levels for each of eight
channels the resulting vector is 112 units in lenath).
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3. Range Pair Data is read from a data file (RPDATA.IN) only
ag it is required for each channel. (The contents of the SRPC memory
are read onto a cassette tape by the IRDU and subsequently transferred
by cassette reader to the data base of the computer system on which
RPDAM is run). The range pair data for each channel is, when required,
stored by the program as a vector of integer numbers, IRP, 105 units
in length. (A 14 x 14 half array is comprised of 105 cells).

MODULE 2 (Core Program labelled RPDA!M.F4)

1. Load and existing fatique damage data is accessed via COMMON
statements from the input program DATAIN.F4 (MODULE 1) as described
above.

2. Flags enabling the program user to select output to the
terminal, and single or complete channel processing are set.

3. Range pair data for the requested channel is accessed via
a COMMON statement from DATAIN.

4. The procedure of Fig. 8 is implemented. Remembering that
the range pair table from the SRPC is a 16 level table truncated to
14 levels as shown in Fig. 5, the program processes each cell of the
current channel range pair table as defined by its peak level J (3~16)
and by its trough level I (1-14). Wwhen the range pair table is stored
in vector form as shown in Fig. 10 the equation that relates vector
number K to the cell in the table defined by I and J is

K=((J-3)*(J-2))/2 + I

The damage increment of each cell in the table is determined by
accessing the relevant S-1' data of MODULE 3 using the mean and alter-
nating stress equivalents of the cell. The damage contribution of the
cell to the respective damage density stress level is also determined.
When all the requested strain channels have been processed control is
passed to MODULE 4 to write the updated damage file. When this is
completed execution of the program ends.

MODULE 3 (SN Data Program labelled DAMAGE.F4)

This routine contains all the S-N data relevant to each of
the eight possible structural locations monitored by the SRPC. The
flag ISF, read from CHDATA by DATAIN defines the set of S-N data to
be used for the current channel.
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2. The mean and alternating stress equivalents of each cell in ]
the range pair table being currently processed by RPDAM is used to
determine from the required S-N data the cycles to failure (1) of one ‘;
equivalent cycle. The damage value of this cycle (l06/N is the damage ’
in microfails for the one cvcle) returned to RPDAM and when multiplied
by the number of range pair counts in the given cell gives the damage
increment attributable to that cell.

3. The option exists for using S-M data that exists in either
analytical or tabular form. Vhen tabular S-N data is to be used the
subroutines INTEP1, INTEP2 are used to interpolate between the data
values to obtain N for the required mean and alternating stress. The
interpolation method used is a form of Ritkens's Lagrangian methodlO
the order of interpolation can be selected. Tabulated S-MN data is
contained in files designated TABL1.IN...TABLy.IN, where v takes the

value of ISF. (e.g. if ISF=1,TABL1.IN is the data file read by INTEPl).

MODULE 4 (Data Output Program, labelled DAMOUT.F4)

1. The damage results for each channel are output to the user's
terminal if this option has been requested.

2. The damage -><ults for each channel are used to update the
damage data read from DAMOLD by DATAIN., The damage output file
DAMNEW.OUT containing the updated total damage values reoresented by
the strain range pair table:. the damage increment since last processing
(i.e. since DAMOLD was obtained) and the damage density histograns
for each channel are then written to disk. Program control then
returns to RPDAM and execution ends.

2. PROGRAM OPERATION

A. INPUT DATA

The input data required by the program for the particular SRPC
installation concerned is generated as follows:

(i) sStrain range rair data contained in RPDATA.IN is
obtained as previously mentioned by reading the magnetic tape cassette
containing the memory contents of the SRPC. The file consists of
eight sgeparate sets of strain range pair data identified by aircraft
number, date and channel number, and formatted as vectors whose elements
number 1,2,....105 across the page - the element numbers correspond to
that shown in Fig., 10 for representing a range pair table as a vector.
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(ii) The load data (ILgj,/lg,E) and strain and SN flags
(NSC,ISNF) required to determine the load equivalents of the elements
in each range pair table of strain, and subsequently the SN data to
be used in the damage analysis, is contained in the file CHDATA.IN.
This information is summarized in tabular form as shown in the example
at the end of this appendix. The remainder of the file contains
specific details about the input paraneter to each channel of the
SRPC (i.e. the nature of the transducer used, its location and any
other information deemed necessary).

(iii) 0l1d damage data required to determine the damage incre-
ment incurred since the last processing is simply the data output
file of that run, DAMNEW.OUT renamed DAMOLD.IN The formatting and
structure is thus the same as that for DAMNEW.OUT. (When the program
is first run the DAMOLD used is a generated copy containinag null
values).

{(iv) SN data to be used for each set of strain range pair
data is identified by the flag ISNF in the data file CHDATA, and
specified in DAMAGE.F4 if analytical in nature, oxr if in tabular form,
in the data files TABL1l.IN...TALLy.IN where y takes the value of ISNF
for the relevant channel as mentioned.

The analytical SN data is expressed in DAMAGE, as shown in
the sample listing, to determine in microfails the damage equivalent
of one strain range nair cycle defined by the mean and alternating
stress values SN and SA respectively.

The tabular SN data is formatted in TABLy.IMN in terms of
alternating stress against mean stress and the logarithm to base 10
of cycles to failure. The first two lines of the file specify the
number of columns and rows cf alternating stress, and the order of
interpolation to be w3ed for mean and alternating stress respectively.
(These values should be greater than 1 and less than the number of
rows and columns of alternating stress respectively). Subseguent
rows contain the actual SN data formatted as shown below:

Mean Logarithmic mean life (base 10)

Stress

MPa 3.0 3.3 9,7 ... 6.7
0 510.1 423.8 376.7 137.3

100 502.3 408.1

150 Alternating Stresses (MPa)

200

ano (see Fig. 6;




The SN data contained in the table should encompass all the possible
mean and alternating stress values to be found in a given table (these
can be determined from Lpjip,LS,E and the maximum alternating and mean
strain values possible in the table: E*(15*LS) and E*(Lpjn+14.5*LS).
If not, the interpolation programs INTEPl1 and INTEP2 will use the
minimum mean and alternating values provided and extrapolate linearly
from the maximum values provided. Further the number of tabular points
used should be maximized. Up to 20 points per mean stress curve are
available and this capability should be utilized whenever possible.
(The program INTEST.F4 is provided to drive INTEP1 and INTEP2 and test
a given table for interpolation accuracy).

B. PROGRAM EXECUTION

Execution of the programs described will be computer system
dependant, although generally similar to that for the DEC system 10
in the following:

1. Since, for a specific SRPC installation the source files
RPDAM.F4,DATAIN.F4,DAMAGE.F4,DAMOUT.F4, and INTEPl.F4,INTEP2.F4
(if required) do not change it is advantageous to link and subsequently
run them as a single object program (called RPDAM.EXE, a saved core
image).

2. The data files (CHDATA.IN,RPDATA.IN,DAMOLD.F4;TABL1.IN,....
TABLy.IN) relevant to both the SRPC concerned and to the particular run
involved (i.e. the correct RPDATA and DAMOLD files) are located on a
retrievable storage device, (usually magnetic disk).

3. The object program RPDAM is run with the program user
supplying yes,no (Y/N) answers to program prompts. Program execution
will continue until all requested strain channels are processed.
(Damage results in the same format as “hat used for the output file
may be written to the program users terminal as they are obtained).
The output data file is subsecuently written (if recuested) to the
specified retrievable storage device (usually disk).

The execution of the program is demonstrated in the sample
runs at the end of this appendix.

C. OUTPUT DATA

The damage data generated by RPDAM is presented in the output
file DAMNEV.OUT. The load data (Lmin,Ls,E), SN data flag ISNF, total
damage value, damage increment since last processing and the damage
dengity histogram for each strain channel are included according to the
format specified by DAMOUT and demonstrated in the sample output in the
next section. (If only selected strain channels have been processed
the damage data for the other channels will be unchanged from DAMOLD).




PROGRAM LISTINGS FOLLOW:

IR ORPER

1. RPDAM.F4

2. DATAIN.F4
3. DAMAGE.F4
4. DAMOUT.F4
5. INTER1.F4
4. INTER2.F4
7. INTEST.F4

e i e e
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© MOBULE 2 ~-- CORE FROGRAM RPDAN.F4
i
o PURFPUSE:
c FATIGUE DAMAGE ESTIMATION FROM STRAIN
iy RANGE PAIR DATA OF THE AIRCRAFT FATIGUE
!: DATA ANALYSIS SYSTEM. (AFDAS)
£ GTHER FROGRAMS REQUIhED.
¢ 1.DATSINLF4 -DATA INPUT ROUTINE (MODULE 1)
I 2.DANAGE.F4 -GN DATA ROUTINE  (MODULE T)
£ JLINTERT.F4- " "
o 4, INTERP2.F4- I "
e S.DAMGUT.F4 -DATA QUTPUT ROUTINE(NODULE )
L
i DATA FILES REQUIRED:
C 1.CHDATALIN -LUAD PARAMETER FILE
" 2.RPDATA.IN -RENGE PAIR DATA FILE(FROM SRFD)
L 31.DAMOLD.IN -PREYIOUS DUTPUT FILE
e . 4, TABLEy.IN -TAHBULATED SN DaTA FILE
0 {y TAKES THE VALUE OF ISNF)
L JUTRPLT FILE PRODUCED:
'y 1, LAMNEN.OUT ~UPDATEDR DAMAGE DATA
g
C MAIN VARIABLES:
£ TLCLMIN ~BOTTOM LEVEL LOAD VALUE (1.5 LMIN}
i 2.CLSZ -LOAD LEVEL SIZE (I.E L5
i I.DAMINC-DANASE INCREMENT SINCE LAST
i PROCESSING OF CHANKEL
I A DAKNTU-BEW DAMABE YALUE FOR CHANKEL
o S.D&M0LD-0LD DAMAGE VALUC AT LasT
s PROCESSING FOR CHANNEL
o & DDALL -DARAGE DENSITY YALUES FOR
z ALL CIHSERELS
- 7.E -YOURG "5 NGDULUS
» B.IRF VCCTOR OF STRAIN RaGNSD PAIRS
by 9.ISNF  -FLAG INDENTIFYING SN DATA TO.
e B0 USET
: 10.N5C -TLAG INDENTIFYING STRAIN CHANNLLS
‘ AEFERENCE: ARL 4 KEHD 297
- WRITTEN /677, R.C.FRASER.GROUP 27 STRUCTURES
° DIVISION ARL.

jj.& ER RN S RN EEREEEE T LSRR EEE SRS R R IR S SR RO R I B U

COMMON/R/CLNIN(8: LG, CL52(8), N5C(8} , ISNF(B),50D(5)
CONNOR/B/COLDTECLIE ,DANNIN(E), DANOLE:B), LHEWDTEL(D) JATRAL
Ii:x.»’ﬂ.i_(i12).[4:“.1.\6\8‘..NCHTE(M)

COMMON/C/IRP (1 U.;)

GIAENSION DO{t4)
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{ MWODULE 1 -- DATA INPUT PROGRAM DATAIN.F4

i C PURFOSE:
c DATA INPUT TC RFDAM FROM FILES CHDATA.IN
£ RFDATA.IK AND DANOLD.IN.
c
o USE:
L DATAIN IS ACCESSED ONCE TO OBTAIN THE
c LOAD AND OLD DAMAGE DATA FOR ALL CHANNELS,
e AND THEN AS REQUIRED TO OBTAIN THE STRAIN
o RANGE PAIR DATA FOR A SPECIFIC CHANNEL.
c COMMENTS::
e INPUT FILE SPECIFICATION IS FOR THE
£ DEC-SYSTEN 10 (DIGITAL CORP.)

CHEFREAFREFEERTRRELFERRRFERERF R KR RRRERRERE R R R R RN RN

SUBROUTINE DATAINCICH)

COMMON/A/CLMIN(E),E(B),CLSZ(8),N5C(8),ISNF(8),SDD(E)

COMMON/B/OLDTE(16),DAMNEN(B) ,DANOLD(8) ,NEWDTE(2),AIRNO(2),
*  DDALLCT12),DAMINC(8: ,INCDTE(1S)

COMMON/C/IRP(I0T)
DIMENSIGN WD(2),TENR(14
GOTO{TCIICHH!
L READ RFP DATA
LEILE= RPDATALIN .ACCESS="SRGIN")
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« REAL CHANNEL DATA
[ CONTINUE
SPEN{UNIT=1,FILE="CHDATA.IN",ACCESS="SEQIN")
READCT 820}
po 20 I=1,8
PEAB(I 300)Dbr MSC(I:,CLMINCI), CLQZ(L) E(I),ISNF(I)
'1/_L&A,TCLDZ(I\‘” E-6

20 CSNTINUE
TLOSECUNIT=T)

- READ QLD DASMACL DATA
CPON(UNIT=1,FILE="DAMOLD.IN" ,ACCESS="5CRIN" )
ReAali(1.730)

L3 306 I=1,8
IFENSC(I) . ER.TIGOTY 30
REAL(T,1100,END=50)
GGTo S0




40
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11066
1200

READ(1,700,END=50)0LDTE(2#I-1),0LDTE(2+1) ,DANOLD (1)
READ(1,900) INCDTE(2#1I~1), INCOTE(2#1) , DANINC(I}
REAL(1,1200) TEHF

LO 40 J=1,14

NO=14%(T-1)+J

DDALL(ND)=TEMP (J)

CONTINUE

READ(1,700,END=50)

CONTINUE

CLOSE (UNIT=1)

PICK OFF CASSETTE DATE
OPEN(UNIT=1,FILE="RPDATA.IN",ACCESS="SEQIN")
READ(1,5005AIRND, NEWDTE
CLOSE(UNIT=1)

RETURN

FORMAT(2¢17X,245,/))
FORKAT(25I5)
FORMAT(15(/))

FORMAT( {13,030 ")
FORMAT(7(/))
FORMAT(13(/))

FORNAT (66)
FORMAT(17X.285.2X,F10.2)
FORMATE13¢/))
FORNAT(34/),13X,14F7.1)
END
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HWODULE 3 --SN DATA PROGRAM DAMAGE.F4

T3

[
C FURPOSE:
c HANDLING OF SN DATA FOR THE CALCULATION
(N OF FATIGUE DAMAGE FOR RANGE PAIR CYCLES
C
€ JSE:
g DAMAGE.F4 IS ACCESSED FOR EVERY CELL IN 1
C THE STRAIN RANGE PAIR TABLE BEING
H CONSIDERED, TQO DETERMINE THE DAMAGE V
£ EQUIVALENT OF ONE CYCLE FOR THAT CELL. :
£ ‘
C COMMENTS:
C THE SN DATA EXISTS IN TWD FORMS-
C 1. ANALYTICAL FORM USED DIRECTLY
C 2.TABULAR FORM FROM WHICH DATA
C IS OBTAINED USING AN INTERFOLATION
: FRGCEDURE.~PROGRAMS INTEF1.F4,INTEF2.F4
CEFEFERFMERRFERFERR AR FRFRRFEFERF LR R R FRRE R LR AR SRR R LG
\.
FUNCTION DAMAGE(ISF,S5M,3A,IFLAG)
s
6070(100,200,300)ISF-1
w
L I5F=1:
C JUSTS5 SN DATA FOR
L AL STRULTURES RASCD ON
C HAMGARTNER'S VERSION OF
L ESDU DATA SHEET EC201
DATA AT, A2, A3,A4.A53/1.74678,3.7447,1.82607,
¥ 13.%.6.26378/
IF(SH.LT.C.G15M=0.0
TERF=ALOGIO(C.145036+5H+2.0
TZER1=A4-ASHTENF
DEMOM=AZ-ALOGIO(TENRT)
DEHUR=AZ-ALGG1C(0.145038+54)
BIV=DERUM/DENCH
IF{LIV.G7.2.1984:D1v=2.189
CYCLE=AT+AZ*DIYV
DAMRASE=].E6/10.04#CYCL
RETURN
N 13F=2:
£ HEYWODD®S SN DATA FOR AL
N BOLTED JOIMTS-BEST JOINT
L CURVE

D474 B1,B2/2.23E3,2.23/

196 IFISA.LT.2.235/0.145C38)54=2.233
CYCLE=(B1/(0.145038%54~R2) yxu2
DAMAGE=T1.E6/CYCLE
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16F=3:

SAE 4340 SN DATA FOR

BOLTED JOINTS
nava ¢t1,82,03,04,059,06/39.23,0.2303,0
G.862, ..7908,2.41u13/
IF(SH.LT.0.0)5M4=0.0
DENUN=SA-C1-5M/7.0
IF(DENUM.LT.2.0)DENUN=2.0
DENCK=5K/980.0
DENOM=C2+C3+DENOM+C4+DENOM*DERON
DENUMX=CS-ALOGIG(DENUN)
CYCLE=CA+DENUM/DENDH
IF (CYCLE.GT.iC.0)CYCLE=10.0
DAMAGE=1.E6/10.0%4CYCLE
RETURN

=4

ULATED SN DATA FOR
C STEEL, KT=4.0.
ACCHI SPAR)

HH
TAB
LioA

\;

AUlH

¢
ALL INTEP1(SH,8A,I15F, IFLAS,CYCLE)
ﬂAGE—..Eé/TO 0#+CYCL

.29,
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{ MWODULE 4 --DATA QUTPUT PROGRAM DANOUT.F4 -
“ FURPOSE: | :
N DAKASE DATA OUTRPUT TO TERMINAL IF j
C IF REQUIRED, AND SUBSEQUENT 3
¢ UPDATE OF DANAGE FILE DAMNCU.OUT |
C USE: i
L GAMOUT.F4 IS ACTIVATED FROM RPDAM |
L |
ta P
CEERERFEFFFEETERFRLFF R H kR P I LT L EZ RS2 T 2
[
SUBROUTINE DAMOUT(ICH)
COMMON/A/CLHIN(S),E(8),CLSZ(8),NSC(8),ISNF(8),5DD(8)
COMMON/B/OLET L(néa.DAhNE (3, DAHDLD(S);N&UDTE(2) AIRNC(2),
¥ DIDacL(1127, DﬁhiﬂC(a‘,In DTECIS)
LINCNSION DBSIi4),DD
507TC420) ICH+1
o SUTPUT TO TTY
TYPE 300,AIRKD NEWDTE
TYFD 566, ICH
TYPE AOO,CLHIN(ZCH),CLSZ(ICV).E(ICh?.ISN“(IFH/ _
TYPE 700,MEWDTE DAMNEW(ICAH? 3
GANINC(ICHS =DAMNEY (ICH) -DAMOLD(ICH) ;
TETC 800,0LDTE(2#ICH-1),OLOTE(2+ICH) [ DAMINTUICH) ;
B0 10 u=i,14
FDS(Ji=FLOAT(I+1) /2, 0#5DIUICH) ]
Gh () =BDALL T 4# (1010 ) 4
; SONTINGE
TEREOT00,00S
Y G0, L0
' JUTRUT YO rlL
28 IPEN{UNIT=Z,TTLE= DAMNEW.OUT  ACCESG="8EGOUT )
SFITONR,200)
WRITE(2, 300 ATRNG  NEWETE
HAITII,400:
30 70 I1=1,8
WRITE(Z,500.1
IUONEDA T L ER.1306070 30
SRITE(2L1100}
5673 70
30 WRITE(2, 600 CLMINGI Y, CLBZ{D . ELD), IGNFLT)
IFIGAMNEWIIY.NELCLOIGETE 4C
iRiTE(2,70 OJUL E(’rt—i) OLDTE(2#1),DAMOLE(T)
URTTE{Z.300 ) INCETE(2oI~1) INCOTE(Z#I) DAMINC(I
3273 50
P WRITEC2,7OC I NELDTE L DAMNER D)
SAMINC(IY=DANNEW(LS -BANCLEIL)
GRTTEIU.BUNOLETE( ST -1 CLRTE(2H ), DARINGID)
T CONTINUE




200

300

400
A0
500

-
<

(]

<>

BG o0 J=i,14

BDS{JY=FLOAT (J+15/2.0+30D(T)
SDCJI=DBALL(14%(I-1)+J)
CONTINUE

WwRITE(2,900)D0S
WRITE(2,7000)DD

CONTINUE

RETURN

FORMAT(/,” DAMAGE BATA FOR™)
FORNAT{" AIRCRAFT NUNBER ~.245,/,
" DATE * \245) i
FORMAT(4(/)) |
FORMAT(” CHANNEL *,I3)

FORMAT(” BOTTOM LEVEL  =-,F8.2,7 (MICROSTRAIN}’,/,
 LEVEL SIZE = ,F8.2," ne /y
* YQUNG'S MOBULUS=",Ei10.4,” (NEGAPASCAL}®,/,
* SN DATA USED FLAGGED BY ISNF=“,I3) |
FORMAT(” TOTAL DAMAGE TD *,245,° =",F10.2, E
© (MICROFAILS))
FORMAT(" DANAGE SINCE  *,2A5,° =7,F10.2,

FORMAT(® DBAFKAGE DENSITY HISTOGRAM:”,/,
* ALTERNATING®,/,
 STRESS (MPA)’,14FB.1}
FORMAT(® LANAGE (MF) “,14F8.1,///)
FGRHAT(” NOT & STRAIN CHANNEL,12(/))
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B0 20 I=1,NOK
READ(1,600)SH(I),(SA(I,J),J=1,NOC)
SMIN=AMINT(SMIN,SM(I))

SHAX=AMAXT (SHAX,SM(I))
20 CONTINUE
CLGSE(UNIT=1)
c CHECK FOR .MEAN OUT OF BOUNDS
30 CONTINUE
IF(FM.LT.SKINIGOTO 50
IF (FM.LE.SNAX)GOTO 60
L0 40 J=1,NOC
ACJ)=SAINOR,J)+(FN-SM(NOR) ) ¥ {SA(NOR,J)~SAINOR-1,4))
% /(SH(NOR)-SM(NOR-1))
40 CONTINUE
60T 80

50 FM=SHIN
C INTERPOLATE BETWEEN NEANS ‘
60 CONTINUE 3
50 80 J=1,NOC 1
DO 70 I=1,NOR :
F(1)=SA(T,J)
70 CONTINUE
A(J)=FUNC(FM,SH,F .NOR,NGT)
80 CONTINUE
£ CHECK FOR ALT OUT OF BOUNDS
IF(FA.LT.AC(NOC))GOTO 90 E
IF(FA.LE.A(1))50TO 100 )
CYCLE=SN(1)+(FA-ACT) ) (SN(1)-6N(2) )/ (A{1)-A(2))
RETURN

70 FA=R{NOL)
(# INTERPOLATE BETUWEEN NEW ALTS
169 CYCLE=FUNC(FA,A,SN,NOC,ND2)

300 FORMAT{2G)

800 FORMAT(215)

700 FORMAT{ TABL", 11,7 IN")
END

3
3
4

.
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HOBbLE 3 -- INTERPOLATION PROGRAM INTEP2.F4

PURPOSE:
INTERPOLATION BETWEEN VALUES OF
A VECTOR USING AITHEN"S METHOD.

COMHENTS:
ORDER OF INTERF FOR BOTH MEAN
AND ALT VALUES CAN BE SPECIFIED.
(SPECIFIED ON DATA FILE TABLy.IN)
INTEFY SUFPLIES TWO DATA VECTORS
TO INTER2: A,XAR WHERE A = f(XAR),
AND A VALUE X FOR WHICH f£(X)
IS REQUIRED.

CEFEPFRFEF R ERRERRREE R EFFEE R R F SRR EEE R L FRRRRE R

C

T3

[y]

-4

<

FUNCTION FUNC{X,XAR A, IMAX.NOT)
DIMENSION XD(0/20),F(0/20),A{(20C) ,XAR(ZO)
DATA INMIN.ARG/Y,1.E-21/
CHECK ENCLCGH DATA FOR ORDER
SPECIFIED
IFCIMAX-IHINLLT.NOTINDI=IMAX-IHIN
ND2=ND1/2
IF(X.LT.XARCYIGOTO 20
D0 10 I=IMIN,IMAX-]
IF(X.LE.XAR(I+1))5070 40
CONTINUE
I=InAX
GGT0 40
00 30 I=IMIN,INMAX-1
IF(X.GE.XARCI+1 325070 40
CONTINUL
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FOI D) -F O XD 7 (XD ~XD(J+K) 3
PS(LGNS) LY. ARG YI{ONG=KINS+1

J/ F(JI+CONS

IF(hUNS.CE.NUi KiGGTO 80

CONTINUE
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{ 80 [A=IX-18-K/2 3
3 IF (1A.GT.NOT-K) IA=NOi -K 5
IF(IA.LT.0}IA=0
FUNC=F (IA)
! IF (ABS (FUNC).GT.1.0E15)FUNC=0.0
RETURN _
END 1
|
;
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F INTERPOLATION ACCURACY

R Sk DATA CONTAINED IN
TARLy. IN.

[~ o B e 2]
D>z MO M
w
o
I> 4 T3
o
- =
m > O

P ANY INTERPOGLATION

THE ACCURACY C

METHOD DEFENDS HEAVILY ON THE
NJMBER GF DATA FOINTS FROVIDED.UF
70 200 T JINTS FER MEAN STRESS

VIRED FOR
THIC CAPABILITY SHOULD
D WHERE FPOSSIBLE.
IS5 WISE TO ALWAYS CHECK THE

~d M 2y T Q>
]

Den LS o> Bk B T =

EFFECT OF THE AMOUNT QF DATA PROVIDED
7 REZR 37 INTERFODIATION FOR MEAN
&t TRESS USED, BY USING THIS
5R COETHER WITH INTEPI.LF4 AND
P2.F4 08 THD DATA FILE TABLY.IN .

OB W R AR S R R N S B B R R R R 8 R R R S8 X R

a
4
185, 13%
LRV RV
I 0
. )
AN P A
\:’J‘-/.Fdnl‘ﬁ
ATy
FLADT
R It Vo L & o el P S a2 ol N ol
v e med DU e M ae T

> G Py s
3




|
|
i
i
i

BATA FILCE
i

R IRA TN dT e
TORDER

PO GAMPLE FROGRAN RUNS FOLLOW:
¥ aRC

[R 18
1. CHDATALIN
2. RPRATA.IN
3. DAMCLILIN (EMPTY VERSION)
4. TABLA.IN
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I |
E DAMOLD. IN
DANAGE DATA FUR
3 AIRCAATT NUMBER AARAAXAXXX
4 . DATE 00/00/00
4 CHANNEL 1
BITTOM LEVEL = 0.00 (KICROSTRAIN)
LEVEL SiZt = 0.00 .
YOUNG“S RODULUS= 0.00E+00 (MEGAPASCAL
SN DATA USED FLAGGED BY ISNF= ¢
TOTAL DAMAGE 10 00/50/00 = 0.00  (MICROFAILS)
DANAGE SINCE 06/00/00 = 0.00 "
DAKAGE BENSITY HISTOGRAM:
ALTERNATING
STRESS (WFA) ¢.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
DANAGE (MF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CHANNEL 2
JTTOM LEVEL = 0.00 (MICROSTRAIN)
CEVEL 31T = 0.00
YOUNG“S MODULUS= 0.00E+00 (MEGAPASCAL
5K DATA USED FLAGSEL BY ISNF= 0
TOTAL DARAGE TO 0G/06/00 = G.00  (MICROFAILS)
UARAGE SINCE 60/30/00 = 6.00 "
DANAGE DENSITY HiSTOGRAM:
ALTERNATING
STAISS (MFA) 5.3 6.0 9.¢ 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0
SAMAGE (NF) 0.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 0.60 (MICROSTRAIND
= 0.00 "
0.000r00  (MEGAFASCAL
GBEL BY ISNF= ©
60/00,00 = 0.00  (MICROFAILS)
05706760 = 0.00 "
IST05RAN:
2.2 0.0 0.¢ ¢.9 2.0 0.0 0.0 0.¢ 0.0 0.0 9.0 6.6 0.0 .0 i
, 0.4 3.0 0.6 3.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 $.0 0.0
1
¥
: i CApNNCL 4
| bulTOM LEVIC = 0.00 (MICROSTRAING
A LEvel Sl = 0.90 "
YOURG 3 A3BULUSs  0.00E+00  (MEGAPASCAL
SN SATA USED TLAGGED BY ISNF= ¢
) TOTAL DAMASE TD 2000700 = 8,00 (HICROFAILS) i
JAMAGE SINCE 00/00/60 = .00 " {
DARAST BENZITY HISTOGRAN: !
ALTERNATING :
STRCLS (MFA&) 0.0 0.0 0.0 0.0 0.6 3.0 0.0 0.0 0.0 3.0 0.0 0.9 0.9 0.0 !
SAMAGE (MF) 6.0 0.0 6.0 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 f
! ;
]
) 4
4 !
g | ,:
! .
i
1




CAANNEL S
3TToN LEVEL 0.0 (MICROSTRALIN}
LEVEL S12E 0.00 "
YGUNG'S MODULUS= C.00E+00 (MEGAPASTAL
SN DATA USED FLAGGER BY ISNF= 0

TOTAL OAMAGE T8 02700700 = 0.00
GARAGE SINCE 0000700 = 0.00
DAMAGE TENSITY HISTOGRAM:

ALTERNATING

STRESS (MPA) 0.0 9.0 0.C
JANAGE (MF) 0.0 0.0 0.4
CRANNEL 6

30TIOR LEVEL = 0.60 (MICROSTRAIN)
LEVEL SIZE = 0.00 "
YOUNG”'S MODULUS= 0.00E+00 (MEGAPASCAL

3k DATA USED FLAGGED BY ISNF= 0

TOTAL DAMAQE 70 03700400 = 0.00

CAMAGE SIRCE €0/06/00 = 0.00

BAMAGE DENSITY RISTGGRAM:

ALTERANARTING

STRESS (M7A) Ry 0.0 0.0

CARRSZ (MD) G0 [ Y] 0.0

CAANNEL ;

BGTTIM [EVEL = 3.00 (MICROSTRAIN)

eCViL 6:2¢ = ¢.00 "

YIuil U MODULUS=  0.00E+00 (MEGAPASCAL

3h TALA UITE VOAGILD BY ICNF= ¢

D.TAo SAMASD TD 0000580 = 0.60

[AMAGT SINCT 00/ 00 = 0.08

CARAGE TENSIVY HISTIGRAM:

ALTERNATING

STRE3S MF&: G.0 0. 0.0

LAMAGE (MF) 0.0 0.9 3.0

CradNEL b

2oiTON LIvil = .00 (MICROSTRALN)

cLiie = ¢.0% !

YOURGT S.00Ir00 CNEGARASCAL
. SN LAY CGZL BY ISNI= 0

TSTaL 00760/ = 0.0

300 = 0.0
3

MICROFAILS)

0.9 0.9 6.0 0.0 6.0 0.0

¢.0 0.0 0.0 0.0 0.0 0.0

(NICROFAILS)

0.0 9.0 0.0 0.9 0.0 0.0

0.0 ¢.0 0.0 0.0 0.0 g.C
(MICROFAILS)

V.0 Ry G.0 0.9 0.8 0.0

0.0 ¢ 0.0 ¢.0 0.0 0.0
KICRGURILS)

L= =]

DO
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I A T PP R r oy " y

APLE PUCCRAN RUNG

CLAnGLDL I UBET IS5 RPITTS

. ok nfuéﬁ.:4,BAYRIN.F4.HANAGE.F%.DAHUUT.F4,irT£F1.F4,INTEP2.F4

JCRTRANG  RPDAMLTS
CIATRAND DATAIMTA
. TLITRAN:  DARAGELF4
TERTRANG DANDUT.LE
TIRTRANG INTLRILT
CORTAaNT  IRTIFLLTA

~cAJING

AFDAN 4K CORE '
SRESUTION 3

SUPPRCIS T JUTRLT? (YN Y
whil NeW DANAGC TILET (Y/ND Y
UEmAGE TOn ALl STAATA CHANNELS REG-H? (Y/Nit Y

PNROOF RYECRT Dy

M . e
J.47  LLANSEL il 239058

SN




P §

-
c

317

Vil

RN
RGMBER AARAAXXXXX

b

S

‘A

SAdAGE
CnANNEL

TS O ALYRN, fis et 1 A s

]

L]
<L

R

-

=3

MICRG

\

-300.00

e

il

e
i

[+
'Y

20 060,46

49

91.8  103.3  ii4.8 1
140.3

1181.7 13540.7 15322.7

80.3
778341

ROFAILS)
17648.2

4

”
~2
<

I
37
iNt
L
191741

7.86

L/

.
el
<r

i
70309.84
7630

= 129¢44.38 (MICROFAILS)

iSHT=

c+35 (MEGAPASCALS
&

3815.8 8i74.4

L

i

Q1)

130.00
JIPO0E+Q& (MEGAFASCA
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AGGELD BY
®AGE TO 01/01/78
N307Y RISTIGRAN:
CNTITY RITTOS
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s P

—— )

CHANNEL 3§

NQT A STRAIN CHANNEL

CHANNEL &
BOTTOM LEVEL
JoveL SIZE
YOUNS- S K0DULUY=

-500.00 (MICROSTRAIN)
135.00 N
J700E+0S (MEGATASCAL)

3% DATA USED TLAGGED BY ISNF= 2
TCTAL DAMAGE 7O 01/01/768 = 43353.96 (MICROFAILS)
DAXAGE SINCE C3/00/00 = 43383.74 “
LANAGE LENGITY HISTOBRAN:
ALTERNATING
STRESS (HPA; 3.6 34.4 45,7 5704 8.7 80.3
DAMAGE tMF)  2057.4 2767.7 A457F.G G463.5 4B5B.S6  5621.1
CHAlN 7
50TTON LEVIL =-1560.00 (HICRU;YR&I&)
LEVEIL SIZE = 200.00
YOuNG 3 MODULUS= .7200E306 (MEGAFASCAL)
SN DATA USED TLAGGEL BY ISNF= 2
TOTAL DAMAGE 76 21/61/7 = 47255.43 (HICROFAILS?
Lamd3c SINGE { 47263.58 "
DARAGE DBENSIT
37 48.3 6C.0 72.0 84.0
£ 5438.9 6208.3 7473.4 6275.2
HARNIL e .
LOTTON LET =-109¢.00 \thRda RAIN:
Cevie Gidil = 136,00
1 TFU0EYDs ’HE AFASCAL)
£t
S ThL DASAGL ; (HICRO AILS
LaMASE SINCE D),v‘/OV < 14394.50
JARASD LINSIVY HISTOLRAM
ALTIRNATING
3TRE {nra 52,9 £3.8 B59.0  166.3 127,53 148.8
SARAGL (T 2092.2  393.5  242.0  149.0 624.5 1683.0

91.8
4793.2

103.3  114.8
3824.0 3592.6

132.

¢
.8

137.7  149.2
506.4  530.1
144.¢ 1546.0
837.8  3J4.6
255.0  276.3
7358.3  auil7

160.6 72.1
178.6 133.9
18,0 180.7
iTra 229.3
297.5  318.8
17,4 20%.2
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L 0o1nL 1t neeus to be remaabered that the program
nuterd 5k datal  and the 1nput and output files

en A N BARILDLIN, TPDATALIN, DANNEW. OUT are SRPC
< ataidation dependent and for the iast ithree 2lso run
Jevenitat. dence on accounting svstem must be used to
reer liacx of them. (this .s left {0 the discretion of
Lhe aser.?

SAAPLL TACORAM RUNK:

RELATALIK 3 Uhlu Tun L% an updated vecsaion of  that
wsed or usiye. Hence DAMCLL.Id is the venamed output
file f* . the previous rui.

T wroacads RFDAMLTS ... INTEPZ.F4 have bLeen joined
tosetier as 3 single 0ioacen Called RPBANI.F4 which has
Leed tompiled and subseguealiv loaded.The core image
vesultians has  been saved and it 15 tihis EBXE version
wileh 15 used 1n the folicwing sampie runs.
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